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OFFICE OF THE UNDER SECRETARY OF DEFENSE

WASHINGTON, D.C. 20301

RESEARCH AND

ENGINEERING

DoD/JOINT SERVICES
PRODUCTION READINESS REVIEW CONFERENCE

Introduction

This document is the official proceedings of the DoD/Joint Services Production Readiness
Review (PRR) Conference held at Wright Patterson AFB, Ohio, on 19 and 20 November
1980. The conference convened DoD personnel from the three Military Departments and
the Defense Logistics Agency who have or will shortly participate in PRR's. The purposes
of the conference were to exchange "lessons learned" and to explore ways to make PRR's
more cost beneficial and more contributory to the DoD materiel acquisition process.
Subsequent production management conferences are planned to address other key
production functions.

Among the areas identified for greater emphasis in future PRR activity were: (1)
production cost reduction; (2) determining software readiness; (3) use of Government plant
activity personnel; and (4) development of quantitative measurements of production
readiness.

These proceedings include speaker presentation material and narratives, a list of
attendees, and the major observations and continuing actions synthesized from the
discussion periods held throughout the conference.

It is strongly urged that all attendees give attention to the request for data needed to
continue the work of the Defense Product Engineering Services Office on PRR
quantitative measurements and respond appropriately. This request is contained on page
295 in the proceedings.

The assistance of the Air Force organizational elements and personnel who hosted and
administered this conference is gratefully acknowledged.

i 47 AN

Staff Asst. for Production Management

Office of Deputy Under Secretary of
Defense (Acquisition Policy)

Directorate of Major Systems Acquisition
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KEYNOTE SPEECH

Truxtun R. Baldwin
Staff Asst. for Production Management
Office of the Deputy Under Secretary of Defense (Acquisition Policy)
Directorate of Major Systems Acquisition

Good morning. This is the DoD Joint Services Production Readiness Review Conference.
Our purpose here today is to share our experiences or "lessons learned" in conducting
PRRs with the objectives of first improving the PRR process itself, making it more cost
beneficial, and secondly, making the PRR contribute more to our conduct of the
production phase and a better acquisition process overall.

I would like to get three points across in starting the conference. One, I would like to
recognize the contribution that all of us who are engaged in the production function are
making here to the Defense effort. 1am not talking just about the impact of the PRR on
the decision process itself, but the entire production function; the impact it has on the
acquisition process as a whole. We are well aware that producing a system for inventory
is the ultimate.goal of the acquisition process. As far as money is concerned, the
production phase amounts to approximately half of the Defense budget and is about three
times what is spent in R&D. Time wise, the successful program is in production much
longer than it is in development. Considering time and dollars and objectives the
production phase is where the rubber meets the road.

The current administration had as one of its objectives elevating the production phase at
the OSD staff level when they put the production function under the R&D program
directors. This made a kind of continuum in responsibility of developing the system and
transitioning it into production. I see that the Services and their staff reorganizations
have done much the same thing. What the new administration will do we can only guess;
but I believe the emphasis will remain on production certainly and in producing those
systems we have been developing during the 70's and getting them fielded in the 80's.

Note we have revised our two top-level system acquisition documents; DoDD 5000.1 and
DoDI 5000.2. A casual look through them will find a very heavy emphasis on how to
manage the production phase.

We in the production community have our own Defense Directive 5000.34 which sets forth
the policy, assigns responsibilities and specifies what will be presented to the DSARC and
considered at each program milestone; not just production ones, but each phase along the
way. As specified the three Services have developed focal points to help administer the
production phase of programs.

Our subject today the PRR, is the culmination of our involvement in this acquisition
process and caps our participation throughout the development phase. We have a Defense
Instruction 5000.38 on production readiness reviews. It provides a checklist and kind of a
uniform concept or approach to conducting the PRR. As you know PRRs are required in
support of all production milestone decisions; both limited and full production. As I was
talking to one gentleman here just awhile ago, it really provides a rallying point and is an
authoritative measure to get us involved early in the program, early in the development
stage. .



Just a word about the mechanics of the OSD level involvement in PRRs. Drawing upon
the .Service conducted PRRs our DPESO's organization writes an independent production
readiness assessment (PRA) which is submitted to the OSD R&E Program Director prior to
the DSARC. This same letter report is given to the Defense Acquisition Executive, Dr.
Perry, who is the DSARC chairman. The letter report goes in the blue book which is
presented to each of the DSARC principals. This PRA report, as we call it, weighs each
critical issue which impacts the decision from a production standpoint. It is analogous to
the CAIG cost and the T&E test and evaluation reports which are also special DSARC
reports. So you see the production status is presented for consideration on a more or less
equal footing with the test and the costing parts of the decision making process. We've
had in Mr. Church, who has recently left as our Deputy Under Secretary, a strong voice in
bringing our concerns and issues to the DSARC process. He hasn't been hesitant in voicing
our position. The highlights of production readiness assessments are reflected in the
Secretary of Defense Decision Memoranda, which come out following the DSARC.

Production matters are becoming increasingly involved in other key acquisition decisions
and determinations. For example, OSD conducted a recent F-18 program review for the
SEC DEF, wherein our office and DPESO played an important part on two of the panels.
In addition to updating the production readiness area, we provided technical opinion on
producibility problems which the aircraft was having with its landing gear and displays and
on a composite bonding problem. We also participated in the cost panel on that review.
This latter input is quite important because one of the themes I'd like to get across to you
is that we want to be more involved in cost aspects. Our input to that panel was to
identify critical areas and suppliers where the cost of the program was of high risk.

At the OSD level, we examine periodically various industrial base problems and get
involved in the acquisition strategy of programs particularly in establishing or maintaining
competition during the production phase. DPESO has made a number of surveys on
alternate sourcing various major components of systems.

The second point I'd like to get across is this urgency of paying more attention to the cost
factor when we run our PRRs. You are all aware of the very large procurement bow
waves which we have where the annual funding requirements and backlog of previous
years' requirements which we did not fund, far exceed the amount of money which we can
expect to get in each annual procurement appropriation. One Defense Science Board
report said that the requirements each year were a third larger than the amount of money.
Another DSB report said that we'd have to reduce the unit cost of equipment forty percent
to be able to buy everything we need. If we look at the prospects of getting more money
each year, historically we find that the trend in defense spending has been remarkably
level. In conducting PRRs and everything else we do we should try to help bring this fiscal
affordability problem under control. Affordability has been often described as our most
pressing defense problem, manifesting itself in deferrals and stretch-outs and the resulting
cycle of lower quantities and higher unit costs. During a PRR we should determine where
the design is not stable, where we can expect production changes and retrofit costs, look
for areas where MM&T is lacking which would give us lower yields. Look for facilities
that are behind schedule and where we're going to have costly work around. One area that
PESO is concentrating on now, is identifying these higher cost critical suppliers,
contractors who have had overruns during development or prototype production
difficulties and may try to recover their costs in production.

The PRR criteria, called guidelines in the back of DoDI 5000.38, do require an
examination of the contractors' cost projections, and the justifications for it. In
conducting the PRR we need to assure ourselves that these cost projections have been



made and be sure the data is available. When we do this, we can expect some static from
the cost communities. They may consider this an encroachment on their cost estimating
tasks. The counter to that is we're not trying to make estimates of cost but are looking
for areas where the projections of cost estimates may be weak because of problems in
capacity and producibility. We served this function in the F-18 program review that I just
mentioned. The cost people at OSD, in fact, solicited our help in this cost aspect.

Let me quote from DoDD 5000.2, on the subject of production planning. "From the early
phases of the program consideration should be given to the costs of production, including
total government investment required to insure adequate production facilities, availability
of critical materials and capability. Affordability (there's that 13-letter word again) must
be considered in production planning. The program manager shall also consider means to
increase the possibilities for competition during production." If we look at DoDD 5000.34,
we see that the contractors' plans for cost reduction during production are to be reviewed
at DSARC, Milestone III. I believe we need to emphasize this area more. We need to
insure ourselves that the contractors do have adequate and active cost reduction
programs.

We mentioned competition. We've got to pave the way for initiating or maintaining
competition during production. This is a matter of public law, in addition to DoD policy.
We need to eliminate or flag the adverse cost impacts of program disruptions, such as
stretch-outs. These really kill us on cost as you well know. Jack Bemis is one of our
morning speakers. He's done some pioneer work in experience curves in trying to quantify
the change in unit production cost as a function of rate.

Lastly, let me give you a few questions or issues which I believe are germane to our
conference. As we proceed, lets look for ways that we can get ourselves involved earlier
in the acquisition cycle. This morning we will be looking at the cost of running PRRs and
we should ask ourselves if we're spending the right amount of money. Is everything that
we're doing really cost effective, including the items of contractor cost? How do we
make PRR preparations smoother for the contractor so that we're not a burden and we
work jointly on identifying and solving these production problems? We'll be talking a little
bit later, about improving the credibility of our PRR findings by better quantifying the
results. And finally, if we find ways to improve the PRR process how should we go about
changing our policy and disseminating new guidance to the DoD components.

Let me now provide a little guidance and instruction on how we're organized to run the
conference. We have a very crowded schedule. We wanted to give time to each individual
who wanted to address the conference, and we managed to accommodate everyone. At
the same time we wanted to have ample periods for discussion. We have a little over
three hours for open discussion for everybody to sound off. Also, we left time to

summarize the results and identify any continuing actions we want to carry on after the
meeting.

To help me in the administration, we have appointed a panel member from each of the
three Services and from DPESO. It will be the panel's function to monitor the proceedings
and identify key points. I've asked them to organize the presentation of the speakers from
their particular activity and to introduce these speakers. I've also asked them to help me
with the summary comments and the wrap-up.

Let me introduce them now. First I'd like to introduce Bob Bidwell, who is the Director of
DPESO. Representing DPESO on the panel is Bill Jeffers, who is the Chief of the
Production Engineering Division. Fred Michel is the Acting Chief of the Office of



Manufacturing Technology, DARCOM. Bill Oaks, the Manager of the Navy PESO,
NAVMAT. Cal Ditrick, is Chief of the Manufacturing Engineering Division of Air Force
Systems Command.

As far as instructions to the presenters are concerned, I ask you to really hit the key
points and please stay within the twenty minutes that you're allotted. Conferees as a
whole please participate. I will have to ask you to hold your questions and comments until
we have had a series of presentations. Then we'll have a question and answer period.



DPESO PERSPECTIVE OF PRRs

W.W. Jeffers
Chief, Product Engineering Division
DoD Product Engineering Services Office

Three years ago, the issuance of DoD Directive 5000.34, "Defense Production
Management," formalized Department-wide attention toward minimizing the risks
associated with transitioning defense systems from development into production. In this
document, specific production management responsibilities were assigned. Most of you
attending this conference have been deeply involved in fulfilling the Military Departments'
responsibilities for conducting formal Production Readiness Reviews (PRRs). Among the
production management responsibilities of the Under Secretary of Defense for Research
and Engineering is the exercise of policy and operational control of the DoD Product
Engineering Services Office (DPESO) in the conduct of its mission which includes:

° Providing production management assistance to DoD components.

° Providing independent assessments of producibility and production readiness of
major programs.

In this portion of today's program, I will share with you some of the views that our
office has regarding various aspects of PRRs. These views are derived from our
observations and experiences in the course of accomplishing the mission elements I just
cited.

It was originally intended that my remarks be followed by Mr. Gary Dillard's
presentation of the results of a recent study he made to determine the costs and benefits
of PRRs. Gary recently accepted a position outside of our organization and commitments
there prevented his attendance here. Fortunately, the findings from Gary's study serve
very nicely to clarify the rationale behind many of the DPESO views of PRRs. As a
consequence of these circumstances, I am going to incorporate most of the elements of
this presentation into mine. Gary has concurred in this approach. The full text of his
paper will be included in the conference proceedings.

Incidentally, the findings of the PRR Cost and Benefits study were derived from
interviews with 14 major program offices and members of the Production Engineering
Division staff at a major command.

® Objective of PRR

o DoD Instruction 5000.38 states: "The objective of a PRR is to verify that the
production design, planning and associated preparations for a system have progressed to
the point where a production commitment can be made without incurring unacceptable
risks of breaching thresholds of schedule, performance, cost, or other established
criteria."

- In addition to "verify," could include "help assure."

- Not be used to usurp established lines of program management authority
of either the government or the contractor.

- Overall goal - problem-free transition into production.



Benefits of PRR

Essential to insure that there is legal basis for expenditure of contractor effort

Minimizes subsequent conflicts of understanding

Consists of (1) manhour cost of preparing for and participating in PRR,
(2) cost of reproducing data, (3) travel expenses of prime contractor's

Has ranged from .02 percent to .12 percent of program development cost
Ratio of contractor's time for preparation and participation to govern-

ment PRR onsite time has ranged from two or five to one
Length of a single PRR visit usually two to five days

Early identification of concerns facilitates timely attention to effective

Properly staffed and managed, can permit more effective utilization of

Base number and duration of PRR visits on perceptions of need developed
in collaboration with PMO, PRR team manager, and contractor(s)

Number and duration of visits governed by complexity of program,
contractor's demonstrated responsiveness to PRRs, and observed status

Maximize cost effectiveness of PRR by scheduling visits in logical geo-

° Stimulates in-depth probing
© Provides early warning
[ Worth the effort
o Contractual Coverage for PRR Support
°
for PRR support
° Customarily addressed in SOW
° Be specific - avoid generalities
- Minimizes contractors' "risk" pricing
° Require flow down to major/critical subcontractors
° Appropriate for major/critical GFE contracts
o Cost of contractor support
PRR visits to subcontractors
(.05 percent average)
L Planning
° Initiate review effort early in FSED
resolutions
- Reduces subsequent PRR workload
o] Incremental reviews
- Avoids pitfalls of a single snapshot
limited personnel resources
of production readiness
graphic sequence
° Team staffing

Independence (freedom from parochial interests) necessary for objec-
tivity (especially true for design’status team leader)



Strive to balance unique program experience (PMO membership) with
objectivity and special expertise (outside membership)

Tailor selection of expertise to meet needs

Avoid overloading with people

- Size of team directly influences contractor manpower loading and
cost (Ratio of l.5-2 contractor to | government is typical.
Government teams have range from 4-5 to 40-60)

--  The larger the team, the more disruptive to contractor's other
efforts on program

-- Two people often sufficient to cover each category of the review

- Excessive duration and membership of PRRs for other programs
have caused contractors to be less responsive on subsequent PRRs

[ Continuity of team membership desirable

"Corporate memory"
Uniformity of approach and consistency of evaluation
Established rapport with contractor and fellow team members

) Resident CAS representation particularly desirable
° Shortage of experienced PRR personnel
® Expanding availability of appropriate PRR team personnel possible through:

Exchange loan of PMO personnel to other program PRRs
Creation of roving cadre at command level
Utilization of independent consultants

@ Orientation

» Familiarization of team members (by PMO, CAS, PRR manager, etc.)

Program under review (including history)

PRR schedule, modus operandi, objectives, etc.

Principal issues/concerns and past problems

Availability of relevant data, reports, studies, and track records of
contractors

Respective responsibilities of each principal contractor

Development and dissemination of industry outlines (questions) relevant
to contractors to be visited which expand the topic areas given in DoD
Instruction 5000.38 guidelines

Native culture, traditions, and policies if PRR visit is foreign-based

® Familiarization of contractor(s) (by PRR manager, PMO, CAS, etc.)

Objectives, schedule, modus operandi

PRR team composition

Clarification of scope and depth of areas to be reviewed as well as
probable extent of validating evidence required

Provide inquiry outlines

Caliber of contractor personnel desired for interface with PRR team

® On-Site Procedures

° Full gathering of all PRR participants (government and contractor) at onset of
each visit to:



Reiterate PRR objectives

Introduce participants and their areas of PRR responsibility

Describe modus operandi

Receive contractor's overview statement of program status, chief
concerns, and efforts remaining (in-house and with subcontractors)

° Daily meeting of all government participants to:

Summarize findings in each sub team's topic area

- Describe problems encountered

- Cross feed data acquired or investigative leads outside area of primary
responsibility

() Philosophy of inquiry

- Use inquiry outlines (questions) in open-ended fashion - to lead into and
stimulate a greater depth inquiry

- DoD Instruction 5000.38 guidelines are basically statements of conditions
which represent a satisfactory production readiness posture

- PRR seeks factual evidence from which objective conclusions of status
can be developed

- "Burden of proof" rests principally with contractor(s)

- Status is only as conclusive as the evidence which portrays it

- Intent should be to collect, not generate, relevant data purely for benefit
of PRR

- Refrain from requiring non-contractual data to be in a specific format
(PRR team can assemble raw data into usable form)

- Utilize relevant reports and studies rather than making new roads to the
same destinations

- Recognize that performance.records on past and other ongoing produc-
tion efforts are rich sources of relevant data

o Do no risk compromising objectivity of PRR by intermixing other program
business with the PRR effort
° Out-briefing with contractor highly desirable

® Areas of Investigation Frequently Underemphasized

° Stability of design

- Unsettled design signals probability of retrofit activity, disruptions in
production, schedule slippages, cost growth, etc.

- Overall history of design change rates more meaningful than recent
segment of history

- Design stability remains questionable pending acceptable test results

° Production cost

- Cost now ranks as principal issue at production decision point for most
programs

- Substantiate that creditability of current design-to-cost projections have
been established

- Ascertain the extent of emphasis placed on applying cost limiting
techniques and the effectiveness of these applications



° Long lead materials and components

- Verify lead time assumptions for long lead items

- Verify that procurement planning for long lead items will satisfy
demands of production schedule

- Verify that Defense Priority Rating flows down to lower tier suppliers

° Computer software

- Just as critical as system hardware

- Seldom attracts as much notice as the hardware

- Most software readiness considerations are similar to those for hardware,
i.e. compatibility between scheduled events and production requirements,
stability and level of change activity, acceptability of configuration
documentation and management

- Unique readiness considerations include: acceptability of language
utilized, extent that reserve memory capacity and computational time
can accommodate future growth

° Control procedures and practices

- Documented policy statements and procedures only show "what"
- PRRs also need to determine "how well" through spot check of
procedural compliance and assessments of effectiveness of applications

In closing, I want to stress that the PRR process must be sufficiently flexible to
permit effective application in various circumstances. With this in mind, it is my earnest
hope that the views I have shared with you will serve to draw out additional views, ideas,
and discussions in the course of this conference.
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STUDY OF THE BENEFITS AND COSTS OF
PRODUCTION READINESS REVIEWS

Executive Summary

At the request of the Office of the Under Secretary of Defense for Research and Engi-
neering, the DoD Product Engineering Services Office (DPESO) surveyed a sample of
program management offices (PMOs) to determine the cost of contractor support for
their Production Readiness Reviews (PRRs) and the Program Managers' (PMs) impressions
on the value of having PRRs. DPESO found that the cost of contractor support for those
PRRs was a very modest percentage of the program's development cost. Of the
programs sampled, the PRR cost ranged from $54.3K to $858K; the average cost was
$321.7K. The ratio of contractor cost for PRR support to development cost was less than
one percent and ranged from .02 percent to .I2 percent with an average of .05 percent.
Generally, the PMOs sampled are in favor of PRRs and believe the benefits they received
were worth the cost. Two disadvantages of the PRR were cited, but there was no
general consensus regarding disadvantages.

From the comments received during the interviews, additional guidance for the conduct
of PRRs was developed. The study findings and recommendations are as follows:

FINDINGS RECOMMENDATIONS

|} DoDI 5000.38 lacks PRR criteria 1. Guidance (contained in text) should

in the areas of software and safety. be included in future PRRs, and should
be included in next revision of DoDI
5000.38.

2, PMOs conducting foreign PRRs 2.a Requirements for PRR should be

have problems not encountered on included in statement of work (SOW)

domestic PRRs. to prime and flowed down to
subcontractors.

2.b. Team members should be well
versed in the traditions and culture
of the foreign participants.

3.  Independence of the design status 3. A team leader for the design

team leader is important for an status should not be from the

objective PRR. developing office.

4, Personnel experienced in PRRs 4, The PMO should take every

are difficult to obtain for PRR teams. opportunity (such as using another
program's PRR) to train personnel.

5. The correct team member 5. The PM must tradeoff the

mix of PMO personnel and "outsiders" program experience and expertise

is not the same for every program. of PMO personnel with the objectivity

and lack of program involvement of
personnel from outside the PMO.

12




6. Large PRR teams and lengthy
visits are drains on the contractor's
resources.

7. Most programs cannot conduct
a PRR with single visits to the prime
contractor and major subcontractors.

8.  Some PMOs are having difficulty
getting the contractor's full cooperation
on PRRs when there is no requirement
for PRRs in the contract.
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6. The PM should tradeoff the cost
of conducting the PRR with the effective-
ness of the team.

7.a. Incremental PRRs should be used
by the PM.

7.b. The number of visits should be
based on the nature of the program, the
contractor’s prior experience with PRRs
and the government's prior experience
with the contractor(s).

8.  Every program that is going to
have PRRs should have a requirement
for the PRR in the contract.



STUDY OF THE BENEFITS AND COSTS OF
PRODUCTION READINESS REVIEWS

L. Introduction and Purpose

The Office of the Under Secretary of Defense for Research and Engineering
(Acquisition Policy) asked the DoD Product Engineering Services Office (DPESO) to
conduct a study to determine (I) the cost of contractor support for a PRR and (2)
program managers' (PMs) impressions on the benefits, disadvantages, and overall value of
the Production Readiness Review (PRR). As a result of the interviews conducted for this
study, several recommendations for improving future PRRs were developed.

Section IIl of this report contains the detailed findings for each of the following
topics:

o Cost of contractors support for a PRR
0 PMO's impressions of the PRR

o PRR policy guidance

0 Availability of PRR team personnel
0 Qualifications of PRR team personnel
o Team size

o Length of PRR visits
o Number of PRR visits
0 Contract clauses for PRR support

Section IV presents the recommendations developed from these findings (attachment | is
a summary of the study findings and recommendations).

II.  Methodology

Sample programs were chosen based on an estimate of the avalilability of required
data. Interviewed for this study were the PMO staffs for the F-l6, F-18, EF-1ll, and AV-
8B Aircraft; Precision Location Strike System (PLSS); C-5 Wing Modification; XM-1 Tank;
Infantry Fighting Vehicle; Copperhead Guided Projectile; Black Hawk and Advanced
Attack Helicopters; PATRIOT, HARM, and Cruise Missiles. Members of the Production
Engineering Division staff at the Army Missile Command (MICOM), Redstone Arsenal,
were also interviewed. Only Government personnel were interviewed; no contractor
personnel were contacted.

Each PMO was asked to provide an estimate developed within the PMO, of the
incremental cost of contractor support for a PRR. This estimate was not to include the

14




other usual costs to prepare for production (i.e., the cost that would normally occur if
there were no PRR). The remainder of the information was gathered by conducting
interviews with senior PMO staff personnel familiar with the PRR for their program.

III. Study Findings

A. Cost of Contractor Support for the PRR

L. To determine the cost incurred, each PMO estimated the incremental
cost to the contractor for supporting the PRR. In all cases, the PMOs said the
incremental cost was the sum of: (I) the manhour cost for preparing and conducting the
review, (2) reproduction cost of data furnished to the PRR team, and (3) travel cost of
prime contractor personnel traveling to subcontractor PRRs, if any. The incremental

cost for the sample programs ranged from $54.3K to $858K (Table 1) with an average cost
of $321.7K.

TABLE 1

RANGE OF COST ESTIMATES AND PERCENTAGES
FOUND IN SAMPLE PRCGRANS

FRR COST AS A
PROGRAM PEPCENTAGE CF PER COST SIGNIFICAICE
DEVELOPI'ENT COST ESTIMATE

LOVEST
A 022 $390K PERCENTAGE

- LOVEST
B AR PRR COST

HIGHEST
¢ 127 $782.6K PEPCELTASE

D . O4% $858K HIGHEST
FRR COST

) AVEPAGE
052 PERCENTAGE |

AVERAGE
- $321.7K COST

2. The PRR cost was found to be a very modest proportion of the develop-
ment cost. The collected data was used to estimate the ratio of PRR cost to program
development cost. This ratio was small, ranging from .0002 to .00l2 for the weapon
systems sampled with an average of .0005. The ratio of contractor cost to development
cost appears to be the most useful guide to use in estimating the magnitude of the
contractor's cost of a PRR because preparation for production is a part of the
development activity.

k= The small sample size precludes establishing a valid statistical
correlation between the cost of contractor support of a PRR and program cost.
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B. PMO's Impressions of the PRR

1. Those interviewed generally favored PRRs. Some said they would not
go into production without one. Everyone interviewed believes the PRRs are worth the
investment of time and effort. One PMO that did not have a PRR commented that a
PRR might have helped the PMO and contractor improve their production planning and
eliminate later problems.

2.  All the PMO personnel interviewed said the PRR helps avoid later cost
and schedule problems by identifying them early in the production planning phases of
full-scale development. Some said the PRR encourages the PMO to thoroughly examine
elements of the production plan that might otherwise have been overlooked. As a result
of one PRR, the affected contractor wrote a production plan for the first time. The
PRR frequently benefits other programs as well; the contractor's corrective actions are
often implemented plant wide.

3. The PRRs at foreign subcontractor plants benefited the PMO and
contractors in other ways. The PRR teams provided consultant service and aided
technology transfer by identifying deficiencies in the subcontractor production plan. The
PRR also highlighted the differences in business practices between domestic and foreign
defense contractors.

4. Most of those interviewed cited the advantages above; few could cite
any disadvantages. Two disadvantages mentioned (each comment was made by two
PMOs) were:

a. Contractors did not always cooperate fully with the PRR teams.
Lack of cooperation was based on contractor complaints that previous PRR visits on
other programs were too lengthy and had too many PRR team members.

: b. PRR objectives changed. Individuals from higher commands were
using the PRR to direct the PM's and contractor's management of the program, rather
than as a management tool to assess program production status.

C. PRR Policy Guidance

L. The majority of those interviewed said the DoD Policy Instruction (DoDI
5000.38, "Production Readiness Reviews") is adequate and they had no suggestions for
improvement. Others suggested improved coverage for: (1) software, (2) foreign PRRs,

(3) safety, and (4) selection of the group leader for the program design status review
team. :

a. It was found that PRR criteria in the area of software had been
developed for use on a few PRRs. Staff members in DPESO refined these criteria for
this paper (see section IV) as guidance for the PMOs.

b. Lessons learned by two programs provided the basis for guidance
in the area of foreign PRRs. Those experienced with PRRs at foreign contractor's
facilities, found differences in culture or language which compounded the problems
usually encountered-on domestic PRRs (even English-speakng countries have different
technical jargon and approaches). The form of government, Ministry of Defense
structure, industry/government relationship, and labor/management relationship, are a

16



few of the differences that must be addressed during planning and execution of the PRR.
It was found that flowing down the requirement for a PRR from the prime contractor to
major subcontractors is especially critical when foreign subcontractors are used or
contemplated.

C. The criteria and guidance on safety and the design status review
group leader in section IV were developed through interviews with PMO and DPESO
personnel.

2 All of those interviewed felt there is sufficient implementing guidance
for PRRs. Of the three Military Departments, the Air Force has the most guidance in
this area with an Air Force Systems Command (AFSC) Guide for Manufacturing Reviews
(84-4), an AFSC Regulation on PRRs (84-2), and AFSC Manual (84-3) on Production
Management. The Army has issued Army Regulation Number 70-67 (Dec 79) on PRRs.

The Navy has recently (Apr 80) issued Secretary of Navy Instruction (SECNAVINST)
480L.1A.

D. Availability of PRR Team Personnel

Almost all those interviewed said civilian and military personnel experienced
in PRRs were difficult to find. There are few experienced military production personnel.
Military officers who are transferred out of production oriented billets are not likely to
return. This rotation reduces the corporate memory. The problem of finding
appropriate civilian personnel may lesser as more programs have PRRs and more people
become familiar with the PRR procedures. However, the problem of obtaining

adequately trained military personnel remains acute and is not expected to improve in
the foreseeable future.

E. Qualifications of PRR Team Personnel

There was a substantial difference of opinion among the people interviewed
regarding the qualifications for personnel being assigned to a PRR team. Some PMs
preferred program experience as a requirement for team membership. Others preferred
people from outside the PMO. The PMs recognized that the independence of team
members is very important. Most preferred a mix of PMO personnel and "outsiders."
The precise mix of program people and "outsiders" depended upon the complexity of the
program and the personnel available to the PM.

F. Team Size

The PMOs' preference for the size of the team to be sent to the contractor
varied greatly also. Some said that large teams (40-60 members) and lengthy visits by
previous PRR teams from other programs made the contractors reluctant to support
visits for subsequent PRRs on later programs. Many PMs seemed to prefer small teams

(4-5 people). Others stated that a large team was necessary to explore all aspects of the
contractor's PRR production plan.

G. Length of PRR Visits

Some of those interviewed said lengthy visits were as formidable a problem as
large teams; both were drains of the contractor's resources.
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H. Number of PRR Visits

Most of those interviewed believe incremental reviews are preferable to a
single visit. Incremental reviews are more costly but no one interviewed felt a team of
reasonable size could assess the contractor's production readiness in just one visit. One
PMO commented the incremental reviews built up more confidence than a single visit
could and that the contractor's production planning was proceeding on schedule.

L. Contract Clauses for PRR Support

In the programs sampled for this survey, Air Force contracts usually included
detailed PRR support requirements in the statement of work (SOW) while the Navy
included PRR support requirement in contracts less often. Some of those interviewed
believe everything the PMO expects in the way of contractor PRR support has to be
included in the contract (SOW). Others believe the PRR is just another design or
management review that the contractor must support anyway; therefore, PRR support
requirements are not needed in the contract. The experience of the PMOs interviewed
indicates that whether or not the PRR requirements should be included in the contract is
dependent upon the relationship between the PMO and the contractor. Some contractors
provided support willingly without any need for including PRR support in the SOW; others
would only do what was included in the SOW and funded.

IV. Conclusions and Recommendations

A. PRR Policy Guidance

The cost data gathered indicates that the cost of contractor support of a PRR
is @ small (in relation to the total development cost) and a worthwhile investment. Those
interviewed had stated they believed that the PRR was necessary and beneficial, and
that the benefits outweigh the cost of the PRR. Program managers organizing a PRR for
their program should take advantage of the lessons learned by others, especially in the
areas discussed below.

I. The PM should include the following criteria in his program PRR
guidelines. In addition, the next revisions to PRR policy documents (such as DoDI
5000.38) should include criteria for:

a. Embedded Computer Software

(1) Plans for programming, debugging, testing, and integrating
the software with the hardware are compatible with the production delivery schedule.

(2) Programming, debugging, testing, and integration of soft-
ware with hardware is progressing according to approved plans.

(3) Software change activity has stabilized at a low level.

(4)  Software documentation and support facilities are adequate
for maintenance.

‘ (5 A High Order Language, approved in DoD Instruction
5000.31, has been used or a waiver has been granted.
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(6) Appropriate use of standard computer hardware has been
planned.

(7) There is an adequate configuration management system for
the modification of software during production.

(8) There is adequate reserve computer memory and computa-
tional time to accommodate reasonable future growth.

(9) Final acceptance procedures for hardware and software have
been identified.

b. Safety

() System safety requirements are in conformance with
accepted standards.

(2) Plant layout and the production plan are in conformance
with DoD and the applicable Military Department safety requirements.

2.  Each PM organizing a PRR effort should consider the following:

a. Design Status Review Group Leader

The PM should choose an individual as the team leader for the
design status review who is independent of the developing office. Choosing an
independent design status team leader provides a "fresh" look at the design. The
importance of the independence of team members is discussed elsewhere but it is felt
that the independence in the design status review group is especially important.

b.  Foreign PRRs

() Team members shou!? be well versed in the countries’
traditions and culture (perhaps through State Department indoctrination). This would
lessen the possibility of conflict and misunderstandings thereby increasing the team's
efficiency. ‘

(2) PMs should require contractor and major subcontractor
support for the PRR. Mil-Std 1528 (Production Management) should be considered
because it requires that the prime contractor impose PRR responsibilities on subcontrac-
tors if the procuring activity advises that a PRR is to be accomplished at the prime.
Contract requirements for PRRs (either by a SOW requirement or by invoking Mil-Std
1528) are especially important when there are foreign subcontractors. -

B. PRR Objectives

Each PRR Government team member should be aware of the objective of a
PRR; the objective is to assess the risks of proceeding into production. The PRR team
has no authority to direct the PM or contractor. The PRR team analyzes, evaluates, and
advises but does not direct.
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C. Availability of PRR Team Personnel

One way to ease the shortage of experienced personnel is to provide on-the-
job training by supplying key civilian and military personnel (such as group leaders) from
the PMO to other programs' PRRs. A second possible solution is to create a cadre of
experienced people in the command to provide assistance to the PMOs. Another way to
obtain experienced people is to have experienced consultants such as retired production
people.

D. Qualifications of PRR Team Members

The composition of the team must be tailored to the program. The PMO must
trade off the program experience and expertise of PMO personnel with the independence,
objectivity, and lack of involvement of outsiders. A complex program may require a
greater percentage of PMO people than a simple one. Another consideration is the
amount of time personnel will spend away from their normal duties to support the PRR.
The PMO staff can be made available to the PRR more easily. Sometimes, however,
specialized knowledge is only available from outside the PMO.

Ek Team Size

The PM must tailor the size of the PRR teams according to the
characteristics of his program. During this study it became apparent that the cost of
contractor support was directly influenced by the size of the Government team. The
data collected indicated the ratio of the number of contractor personnel to Government
personnel involved in the PRRs sampled ranged from 1.5 to 2.0 contractor people per
Government team member. This emphasizes the importance of the PM evaluating the
cost of conducting the PRR versus the effectiveness.of the team. However, if possible
the PMO should have at least two people review each technical area (quality, design,
facilities, etc.) in order to reduce biases and increase the probability the deficiencies will
be identified. For smaller teams this may require each team to cover more than one
area.

F. Length of PRR Visits

For the programs sampled, the ratio of contractor's time (preparing for and
participating in the review) to actual Government review time ranged from 2.0 to 5.4.
For this reason tailoring the duration of PRR visits is important. '

G. Number of PRR Visits

The number of visits to each contractor should be based upon the nature of
the weapon system, the contractor's previous experience with PRRs, the Government's

prior experience with a particular contractor's products, and the observed status of
production readiness.

H.  Contract Clauses for PRR Support

Including PRR support requirements in the contract SOW appears to be the
more prudent strategy to reduce the possibility of uncooperative attitudes by
contractors. Attachment 2 gives examples of contract SOWs for PRRs. The amount of
detail that the sampled programs included varied greatly. However, the PMO cannot be
sure of receiving adequate support if it is not required by the SOW. Therefore, include
in the SOW all of the details necessary for contractor support at the PRR.
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SUMMARY OF STUDY FINDINGS AND RECOMMENDATIONS

FINDINGS

1. DoDI 5000.38 lacks PRR criteria
in the areas of software and safety.

2.  PMOs conducting foreign PRRs
have problems not encountered on
domestic PRRs.

3. Independence of the design status
team leader is important for an
objective PRR.

4, Personnel experienced in PRRs
are difficult to obtain for PRR teams.

3. The correct team member
mix of PMO personnel and "outsiders"
is not the same for every program.

6. Large PRR teams and lengthy
visits are drains on the contractor's
resources.

7. Most programs cannot conduct
a PRR with single visits to the prime
contractor and major subcontractors.

8. Some PMOs are having difficulty
getting the contractor's full cooperation
on PRRs when there is no requirement
for PRRs in the contract.

Attachment |
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RECOMMENDATIONS

1 Guidance (contained in text) should
be included in future PRRs, and

should be included in next revision

of DoDI 5000.38.

2.a. Requirements for PRR should be
included in SOW to prime and flowed
down to subcontractors.

2.b. Team members should be well
versed in traditions and culture of

the foreign participants.

3. A team leader for the design
status should not be from the
developing office.

4. The PMO should take every
opportunity (such as using another
program's PRR) to train personnel.

5. The PM must trade off the
program experience and expertise

of PMO personnel with the objectivity
and lack of involvement of personnel
from outside the PMO.

6. The PM should trade off the cost
of conducting the PRR with the effective-
ness of the team.

7.a. Incremental PRRs should be used
by the PM.
7.b. The number of visits should be

based on the nature of the program, the

contractor's prior experience with
PRRs, and the Government's experience
with the contractor.

8. Every program that is going to
have PRRs should have a requirement
for the PRR in the contract.



EXAMPLE NO. 1

G1062#.05.04 Production Readiness Reviews The Contractor shall
support four incremental Production Readiness Reviews (PRRs).
The PRRs will be approximately five days duration occurring in
the time frame of this contract. The government will conduct
the reviews in sufficient depth and detail to determine the
Contractors status of production readiness and that known or
anticipated manufacturing problems and high risk areas have been
identified and an impact assessment provided. The basic subject
involved in the PRRs include the following: Program and Manufac-
turing Schedules, Make-or-Buy Plan, Material/Subcontracting,
Quality Assurance, Industrial Facilities, Tooling, and Special
Test Equipment, Manpower, Manufacturing Methods/Producibility,
Manufacturing Management and Control System. The team sizes
will be tailored as is necessary to support the Tequired review
scope and depth (TBD). Particular -review emphasis shall depend
upon: areas of concern identified during the initial PRRs;
progress in production planning tasks; manufacturing progress
made by the Contractor in performance of development and produc-
tion long lead tasks; plans and progress toward transitioning
from development to initial low rate production, and plans for
achieving the programmed production rate. AFSCR 84-2, "Produc-
‘tion Readiness Review," will be used as a guide for preparing
for the support of the government PRRs. The PMO will work
jointly with the Contractor's PRR focal point/manager to tailor
the requirements of AFSCR 84-2 to meet the needs of the Program.
The Contractor shall be responsible for conducting additional
PRRs at selected subcontractors'/vendors' plants that are
mutually agreed to by both government and Contractor. The
government will participate as observers with the Contractor
during these reviews. The Contractor shall provide personnel
and plant facilities necessary to support the scheduled reviews. -
Contractor personnel who are knowledgeable of the management

and detail of the production functions and tasks will be made
available to work with government personnel throughout the
period of each review (DI-E-3118/M).
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EXAMPLE NO. 2

9.18 PRODUCTION READINESS REVIEW (PRR)

9.18.1 The Contractor shall plan, coordinate, and participate
in a PRR to demonstrate production readiness prior to
start of the production phase of the program. The
areas to be evaluated in the PRR include the following:
o Program and Manufacturing Schedules
o Subcontract Management
o Make or Buy Program
o Material Selection and Procurement
0 Quality Assurance
o Industrial Facilities
o Tooling
o Special Test Equipment
o Manpower
o Manufacturing Methods/Producibility
o Manufacturing Management and Control System

9.18.2' The Contractor shall plan for a PRR to be conducted by

an Air Force Team at the Contractor's facility. The
PRR shall be accomplished in approximately eight days.

9.18.3 The Contractor shall conduct one PRR at (subcontractor's)
plant to determine the production readiness of the sub-
contractor. The areas to be evaluated will be the same
as those covered in the Contractor's PRR and shall be
accomplished in approximately three days.
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EXAMPLE NO. 3

12.2.16 Production Management

The contractor shall plan for, establish, implement, and control
production objectives and requirements throughout this program

in accordance with MIL-STD-1528. Detailed planning for produc-
tion shall commence as firm designs are established. The con-
tractor shall identify, plan for, and document production and
tooling test and demonstration requirements generating from
feasibility assessments and producibility analyses. All produc-
tion requirements that require operations not previously used in
the manufacturing facility shall be identified and plans to
jintroduce new operations in the manufacturing facility shall be
afforded the Systems Program Office. The contractor shall pro-
vide the necessary personnel and facilities for, and participate .
in, a SPO-conducted Production Readiness Review (PRR) as set
forth in AFSCR 84-2. Approximately six preliminary/incremental
PRRs will be conducted at the prime contractor and/or major
subcontractor facilities. The final PRR will determine whether:
(1) the system under development is ready for efficient and
economical production, (2) all critical production engineering
problems encountered during development have been resolved, and
(3) the contractor has accomplished adequate planning for the
production phase. The reviews will be of sufficient depth and
detail to adequately determine the contractor's status of produc-
tion readiness, that known or anticipated manufacturing problems
and high risk areas have been identified, and an impact assess-
ment provided. Production readiness will be evaluated against
specific criteria established by the Air Force. The criteria

set forth in AFSCR 84-2 shall be considered to be a representative
sample. DI-P-3460

Attachment 2
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BASELINE INDICATORS OF PRODUCTION READINESS

John C. Bemis
DoD Product Engineering Services Office
¢/o DLA, Cameron Stetion, Alexandrie, VA 22314

ABSTRACT

This paper presents findings resulting from e pre-
liminery study of the feasibility of establishing
quantifieble baseline indicators for production
reediness of defense systems prior to the produc-
tion decision milestone. Eleven production read-
jness indicetore ere discussed end the cheracter-
istics of eech, based on empiricel deta from pre-
vious systems, ere examined.

Preliminary findings of this study indicate that
various elements of production readiness oan be
measured. Additionelly, it has been determined
that while eech system is unique, there exiets a
number of common cheracteristics which can be com-
pared on a system-by-system basis. The following
1ist of baseline indicatore was established:

HARDWARE INDICATORS

1. Engineering Change Treffic Profiles

2. Reliebility Growth Petterns

3. Yield Rates for Special Manufacturing Processes

4. Yield Rates for Test Operetions

5. Scrap and Rework Levels
6. Level of Effort on Nonconforming Materiels

7. Out-of-Stetion Work Performed

SOFTWARE INDICATORS

1. Rete of Discovery of Errors

2. Rate of Change of Requiremente

3. Rete of Change of Revision Level

4. Percent Memory and Speed Capecity Uncommitted

Projected profilee for the behavior of these indi-
cators during the development phase of programs are
shown, end the implication of each indicetor is
diecussed

INTRODUCTION

Eveluating the production readiness of e weapon
eystem prior to the production deoision point ie an
important element of the DoD weepon eystem ecquisi-
tion process. Production reediness is essessed by
means of e Production Reediness Review (PRR). De-
partment of Defense Instruction 5000.38, titled
"Production Reediness Reviews," defines the purpose
of ¢ PRR as follows: "The objective of e PRR ie to
verify that the production design, planning, and
essocieted preparations for a system have progrees-
ed to the point where a production commitment can
be made without incurring unacoeptable rieks of
breaching thresholds of eohedule, performance,
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cost, or other esteblished criterie.” The criterie
used to esteblish production reediness has consist-
ed of a series of lergely subjective judgements,
with guidance provided by checklists. The Product
Engineering Services Office undertook e study to
establish meaningful and meesurable indicetors of
production readiness besed on deta that ie normally
required es part of defense contrects. This paper
discueses the preliminary findings of the study,
which esteblished e list of eleven potential indi-
cators and examined methods for quantifying them.
In selecting the indicetors, the -following fectors
were considered:

1. It was recognized that each system was made up
of a number of fectors whioh made e partioular
system unique from any other eystem in terms of ite
problems, time ecales, state-of-the-art epplica-
tions, budget restreints, end the neoessity for
ohenges during development.

2. Date for the individual indicetore ehould be
eveileble either in the Program Office or et the
contrector's fecility es e result of normally
imposed contrectuel requirements. No requirements
for new deta items were oontempleted.

3. The indicetors should be simple in oonoept and
reedily understood. .

4, Since numerical values for the indicetors are
variable in time, trend date was ooneidered to be
of more velue than point data.

Besed on these consideretions, the following poten-
tiel baseline indicetors were examined:

HARDWARE INDICATORS

1. Engineering Change Treffic

2. Reliebilility Growth Petterne

3. Yield Retes for Speciel Manufeoturing Proocesses

4. Yield Retes for Test Operetions

5. Scrap end Rework Levels

6. Level of Effort on Nonconforming Materiels

7. Out-of-Stetion Work Performed.

SOFTWARE INDICATORS

1. Rete of Discovery of Errors

2. Rete of Change of Requirements

3. Rete of Chenge of Revision Level
4, § Memory and Speed Cepacity Uncommitted

Folowing is e discussion “of each indicetor, ite
potentiel program impliocetions, and a projeoted



profile of the indicator for the development phase
of a program.

DISCUSSION

Engineering Change Traffic Profiles. Examination
of the profile of engineering change traffic can be
revealing in terms of the design maturity of a
system, as well as providing symptoms of specific
problems in the areas of fabrication, inspection
and test operations, subcontracted equipment, or in
system specifications. When the number of engine-
ering change made is plotted against a time scale
which includes the development cycle, a pattern
such as that shown in figure 1 will normally occur.

NUMBER OF ENG INEERING CHANGES

DEVELOPMENT PHASE % COMPLETE

PROTOTYPE FABRICATION TESTING

FIGURE L. PROJECTED PRCFILE FOR ENGINEERING CHANGE TRAFFIC

The number of changes starts at a zero point prior
to the engineering release. As hardware fabrica-
tion is initiated, the number of changes increases
to a maximum and should decline as engineering
problems are resolved. At the completion of the
prototype build, the number of changes should have
followed a downward trend to a reasonable level.
During prototype testing an increase in changes is
noticed due to problems detected during the tests.
The curve depicting the number of changes versus
time should, again, follow a downward trend to a
reasonable level. Sustained levels of high change
rate indicate a risk to cost, schedule, and/or
pertformance. The appearance of an apparent exces-
sive number of changes at the completion of the
prototype build should raise questions as to cause.
It is obvious that both cost and schedule con-
straints would be extremely difficult to meet with
an extended period of high change rate. Empiriecal
data compiled during this study indicated that the
shape of the engineering change traffic profile was
of a similar shape for different kinds of systems
including aireraft, electronic systems, tracked
vehicles, and gun systems. The profile is suf-
ficiently defined such that.anomalies can be iden-
tifiedc and investigated. The cause and effect
relationship between engineering changes and
acquisition cost growth is well understood, but
remains to be quantified. This quantification will
be investigated during Phase II of the study.

Reliability Growth Patterns. A considerable amount
of data has been developed relative to reliability
growth which results from finding and fixing reli-
ability problems during testing. When this growth
is plotted to linear scales the resulting curve

appears as an exponential. Large gains in reli-
ability are made initially as the "easy to fix"
problems are corrected. As the reliability in-
creases, gains in reliability become more difficult
to obtain. The result is that the demonstrated
reliability approaches a- limit on an asymptotic
basis. When this data is transformed to a log/log
format, the reliability growth curve becomes a
straight line, which provides a convenient method
for projecting probable future values for reli-
ability. The horizontal axis represents the evalu-
ation exposure in terms of hours tested, miles
driven, rounds fired, or other testing criteria
suitable to the system. The vertical axis repre-
sents the reliability measure in terms of mean time
between failures, mean miles between failure, suc-
cess rate, etc. Experience with a number of pro-
Jects has allowed the derivation of a generalized
set of criteria for these curves during the devel-
opment phase of a program. Figure 2 depicts the
projected profile for reliability growth and indi~
cates the following guidelines when considering
reliability growth during the development phase:
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FIGURE2. PROJECTED PROFILE FOR RELIABILITY GROWTH

1. As released, at least 10 percent of the required
reliability should be realized during first tests.

2. A reliability prediction based on a mathemati-
cal model of the system would preferably indicate a
reliability of 125 percent of the required reli-
ability.

3. The growth curve should have a slope of at least
0.1 and is unlikely to exceed a slope of 0.6.

4. Lack of promising reliability test results
during development testing or lack of definite
pattern of reliability growth during subsequent
testing can be caused by a number of factors in-
cluding marginal design, parts or materials
problems, and ineffective corrective action. The
inability to meet reliability requirements during
development represent a risk to both acquisition
cost and schedule. Inability to meet reliability
requirements in a fielded system can have a major
impact on operating and support costs. The trend
of the reliability growth pattern for a system
provides valuable insights into production read-
iness.
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Yield Rates for Special Manufacturing Processes. A
significant problem in meeting cost and schedule
can result from low yield rates for special manu-
facturing processes. Also, it would be unusual to
find a new weapon system in which one or more
"state-of-the-art" manufacturing processes was not
employed. Under the sponsorship of contractor R&D
programs, and under the sponsorship of the DoD
Manufacturing Technology Program, a significant
number of special processes are under development
at any given time. This constant development is
necessary in order to reduce costs, increase per-
formance, increase productivity, and to advance the
technology base. Examples of these special
processes in the electronics field include methods
for producing large scale integration (LSI) de-
vices, multi-layer printed circuit boards, and high
density memory devices. Examples of these process-
es in the mechanical area include the laser machin-
ing and Joining, inertia welding, electro-chemical
and electrical discharge machining, vacuum plasma
coating, and advanced methods for non-destructive
testing.

Low yield rates for-any of the special processes
would have adverse effects on program cost and/or
schedule and, therefore, could represent a program
risk. The projected profile for special process
yield rates is shown in figure 3. As a new process

% YIELD

DEVELGPMENT PHASE (% COMPLETE)

PROTOTYPE FABRICATION

FIGURE3.  PRCJECTED PROFILE FOR TEST/PROCESS YIELDS

is developed, the initial yield rates will be lower
than the ultimate yield rates as the process vari-
ables are being defined and controlled. Normally,
the major process variables are controlled first,
leading to significant gains in yield rates. 1In
the later stages of development, the "fine tuning"
of the process takes place. The "fine tuning"
generally leads to smaller gains and yield. Be-
cause of this, the process yield approaches an
ultimate yield value asymptotically.

A plot of process yield rate versus time should
have the following characteristics:

1. A significant growth should be evident in the

yield rate as a function of time or units process-
ed.
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-5 The yield rate attained during the latest
period should be acceptable in terms of dollar
risk. It is difficult to place limits on the yield
rate from a special process since the economic
consequences represent a wide variation from one
process to another. Restated, the cost of a reject
from one process may represent a few cents while a
reject from another process may represent thousands
of dollars.

It is anticipated that the yield rates for special
processes will lend themselves to a transform into
a straight line. Data is being collected to indi-
cate what "normal"” yield rate values may be expect-
ed from these special processes.

Yield Rates for Test Operations. Examining the
yield rates for test operations and the trends in
these rates can be helpful in the identification of
a number of different kinds of problems. Low yield
rates can result from marginal designs/specifica-
tions, or difficulties with parts, materials, or
processes. Since both acquisition cost and sche-
dule are sensitive to the yield rates for test
operations, it is important that these rates attain
satisfactory levels. Figure 3 depicts the project-
ed profile for grewth in yield rates for test
operations. Sustained period of low yield rates
without evidence of improvement would indicate the
presence of chronic problems which either have not
or cannot be solved through the management systems
responsible for corrective action. As in the case
of yield rates for special processes, it is antici-
pated that yield rates for test operations will
lend themselves to a suitable data transform such
that straight line projections of yield rates can
be made.

Scrap and Rework Levels. Excessive scrap and re-

work can add significantly to acquisition cost and
be detrimental to schedule. If a contractor’s
corrective action system is working effectively,
experience has shown that the rates for sorap and
rework should be decreasing as a function of time
and production of additional units. The most ap-
propriate model for the behavior of scrap and re-
work rates appears to be the standard learning
curve. Figure 4 is the projected profile for these
curves in situations where effective corrective
action is taking place.
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Attributes of these curves should be an acceptable
improvement slope as well as a reasonable absolute
value at the completion of the development models.
Since scrap and rework can be accounted for by
several different methods, care should be taken to
assure that the same denominator 1s used in each
percentage being compared. For example, common
methods of calculating rework value are as a per-
centage of direct production labor and as a per-
centage of rework dollars to product dollars.

Excessive scrap and/or rework can serve as a symp-
tom of a wide variety of problems in both the design
and manufacturing areas. Lack of improvement in
scrap and rework values 1is an indicator of
deficiencies in the management systems responsible
for corrective action.

Nonconforming Materials. Since there are a large
number of causes for nonconforming material, and
they are all indicative cf problems, the level of
effort being expended in the area of nonconforming
material can provide valuable insight into the
overall health of a progran. Additionally, observ-
ing the trend of nonconforming material indicators
can provide insight into the effectiveness of the
management systems that are designsd to prevent
nonconformances and to provide corrective action.
Some of the methods used for tracking non-conform-
ing materials include the following.

1. Plotting the gross number of nonconforming
material reports written against successive end
items.

2. Calculating the labor dollars involved in mak-
ing disposition of nonconforming materials through
the material review process.

3. Calculating reject rates as percentages.

It appears that regardless of the specific method
used for tracking nonconformances, a decreasing
trend should occur as shown in figure 4. Steady
progress in lowering the nonconformance rate and a
reasonable level for the latest result should be
evident. The collection of data from additional
programs may reveal that the slope of this line
could be used as a measure of the effectiveness of a
contractor’s corrective action system.

Out-of-Station Work Performed. This indicator 1is
primarily oriented toward large systems where the
development models are assembled on a production
line as opposed to being assembled in an engineer-
ing laboratory (e.g. aircraft). There are a number
of reasons for performing production work out-of=-
station, and essentially all of them are indicative
of problems. These causes include late delivery
from subcontractors, tooling problems, design pro-
blems, shortage of skilled labor in specific cat-
egories, etec. As shown in figure 5, the percentage
or absolute measurement of out-of-station work
would be expected to increase after the initiation
of assembly work. After reaching a peak value, the
rate should start to decrease as prototype units
are being completed and problem areas are being
corrected. Continued high levels of out-of-station
work would indicate that the problems causing the
out-of-station work are not being solved. Such a
continuation of high rates for out-of-station work
would represent a risk to the program in terms of
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acquisition cost and/or schedule slip. Ideally,
the completion of the prototype units would see
out-of-station work at a reasonable rate after
having followed a downward curve from previously
higher levels,
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FIGURE 5. PROJECTED PROFILE FOR OUT OF STATION WORK

Baseline Software Indicators. The number of DoD
procurements involving computer software is rising
and this trend is expected to continue. Studies on
this subject have indlcated that by 1980, software
will account for approximately 80 percent of the
computer related dollars, with hardware accounting
for the other 20 percent. The adequacy of the
software 1s vital to the performance of the weapon
system. In recent years considerable effort has
been expended in developing metrics for determining
the condition of software development programs.
Some of these metrics have proved to be highly
complex, and in some cases impractical. Only re-
cently have practical and readily understandable
measures of software development begun to appear.
Underscoring the importance of determining the
condition of the software development effort is the
fact that this effort 1S essentially completed
prior to the production release for hardware.

For the purpose of this report, four measures of
software readiness are suggested:

® Rate of Discovery of Errors

® Rate of Change of Requirements

® Rate of Change of Revision Level

® Percentage of Memory and Speed Capacity Uncom-
mitted

From experience on a number of software development
programs, the rate of discovery of errors appears
to follow a predictable pattern. Starting with
coding checks and proceeding into each successive
test phase, the rate of discovery of errors starts
out at a relatively high level and follows a down-
ward slope as problems are corrected. Starting
with system integration testing, the initial peak
rate for error discovery decreases. These rela-
tionships are shown in figure 6.
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Because of the ease of changing software, as oppos-
ed to hardware, software changes are frequently
used to effect mission changes and to correct
deficiencies in other subsystem areas. Excessive
requirement changes in the software can indicate
potential hardware problems and a lack of maturity
in the system requirements., Figure 6 depicts the
normal behavior pattern for Engineering Change
Orders issued against the Design Specification.
This experience curve is analogous to the engineer-
ing traffic curve for hardware, in that it follows
a downward trend, and then experiences smaller and
smaller peaks as each successive level of testing
is undertaken. The net effect resembles a damped
sine wave. Significant deviations from this gen=-
eral form should be identified as to cause. En-
gineering Change Orders issued againat the Design
Specification cause the revision level of the soft-
ware to be changed, and thus the rate of change of
revision level can also be used as an indicator of
program development maturity.

The percent of memory and speed yet uncommitted
appears to be a promising indicator, but additional
data will have to be gathered before this indicator
can be quantified. Small values for uncommitted
speed and memory have implications relative to the
ablility to absorb future changes and the difficulty
-4in performing all required functions within the
remaining capacity.

CONCLUSIONS

Preliminary findings of this study indicate that
various elements of production readiness can be
measured. Additionally, it has been determined
that while each system 1s unique, there exists a
number of common characteristics which can be
compared on a system-by-system basis.

The first phase of the baseline indicators study
has identified a list of measurable indicators,
established methods for their analysis, and result-
ed in the collection of a substantial amount of
empirical data from existing programs. The next
phase of the study will be devoted to establishing
the relationship between the initial values for the
indicators and the program outcomes in terms of
acquisition cost, schedule, and performance.
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PRODUCTION READINESS OF COMPUTER SOFTWARE
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Introduction

This paper addresses a problem often neglected during a Production Readiness Review
(PRR) - determining the "production readiness" of the computer software used by the
system. The problem is largely the result of the abstract nature of software.
Nevertheless, ways must be found for the PRR team to make an accurate assessment of
the risks involved in going into production with the existing software.

The Software Production Problem/Software "Failures"

At the onset it is important to state the major distinction, from a PRR point of view,
between software and hardware. The hardware production problem addressed during a
PRR is whether or not copies of the prototype hardware producea during engineering
development can be effectively produced in the factory. The software production problem
is quite different. -

Once the first copy of error-free software is available, producing duplicate copies is
straight forward. The software media may be magnetic tape, magnetic disk or even
especially manufactured Read Only Memories. No matter which media is used,
duplication and verification of the d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>